The recent licensing of active hepatitis A vaccines raises the question of vaccine candidates. Although various groups of workers are at theoretical occupational risk of hepatitis A infection, no comprehensive quantitative data exist to determine which occupational groups should receive active vaccination. Therefore, the aims of this study were to identify occupations at risk for hepatitis A infection and to determine their relative risk. In this nationwide historical prospective study, the relative risk of hepatitis A among different occupations in Israel was determined according to the incidence of hepatitis A in different occupations during 1993 and 1994 compared with the incidence of hepatitis A in two standard populations. After age, gender, ethnicity, and time of immigration to Israel were controlled for, certain occupations showed a significant increased risk of hepatitis A: yeshiva students (standardized incidence ratio (SIR) = 9.98, 99% confidence interval: 7.55, 13.18), day care center and kindergarten staff (SIR = 5.47, 99% confidence interval: 3.50, 8.57), food industry workers (SIR = 5.41, 99% confidence interval: 1.92, 15.25), teachers (SIR = 4.02, 99% confidence interval: 2.92, 5.48), physicians and dentists (SIR = 3.77, 99% confidence interval: 1.78, 8.14), and therapists and medical technicians (SIR = 3.75, 99% confidence interval: 1.75, 8.14). Sewage workers and nurses did not show any significantly increased risk. The results were validated by comparison with an additional standard population. This first nationwide study identified occupations at risk of hepatitis A infection. It emerged that the authors' approach can provide a yardstick for measuring samples in both large and small countries that have a socioeconomic background similar to that of Israel. Am J Epidemiol 1999; 150:312-20. child day care
Hepatitis A has a worldwide distribution and is an important and prevalent infection in Israel (1, 2) , with 2,000-3,000 cases reported yearly and an annual incidence rate of approximately 60 per 100,000 (3) . It is a ubiquitous infectious disease and one that causes frequent short-term absence from work, with a hospitalization rate of 23 percent at age 15-39 years and 42 percent at age 40 years or more (4) . Although the disease usually tends to be self-limited, complications sometimes occur. Of particular importance is acute fulminant hepatitis, which can be fatal (0.3 percent at age 15-39 and 2.1 percent at age 40 years or more) (4) .
The recent development and licensing of an effective and safe active vaccine against hepatitis A has raised the question of whom to vaccinate. This issue becomes even more relevant when we consider the global epidemiologic trends of hepatitis A morbidity, i.e., a decline in subclinical infections during childhood and, therefore, increased susceptibility to infection by the virus of adults of working age (5) . Suitable candidates for active hepatitis A vaccination include high-risk adults in occupations such as staff members of day-care centers, medical personnel, and sewage workers, in whom outbreaks have been reported (5) . We had estimated earlier that there are more than 300,000 such workers in Israel (6) .
No validated assessment of the relative risk of hepatitis A in various occupations is available. Furthermore, there is disagreement about the extent of the occupational risk of hepatitis A because of the natural immunity of a certain percentage of the adult population to this infection. We therefore undertook this study to determine the relative risk of hepatitis A among different occupations in Israel by conducting a 2-year nationwide historical prospective study with the intention of establishing an appropriate policy for implementing the newly licensed active hepatitis A vaccine in Israel. Because the incidence of hepatitis A depends on age, gender, ethnicity, and place of birth (2), we controlled for these variables in this study.
MATERIALS AND METHODS

Study design
We conducted a historical prospective study of the incidence and correlates of clinical hepatitis A in the adult population (aged >18 years) with different occupations in Israel from January 1993 to December 1994. Our three data sources during the study period were: The numbers retrieved from these three data sources provided all of the hepatitis A patients for this study. The demographic data for each patient included age, gender, year of immigration to Israel, ethnicity (Jewish or not), and patient's occupation at the time of disease occurrence. If necessary, the first four items were obtained from the census registry; telephone interviews with the patient or a first-order family member who had been close to the patient during the disease period were also conducted by one of the authors (H. A.), an epidemiologic research nurse trained in interviewing specifically for epidemiologic investigations of infectious diseases.
Exclusion criteria were age less than 18 years; contact with a family member who suffered from hepatitis A; traveling to a hyperendemic area before the occurrence of the disease; and being a tourist, prisoner, and soldier on active duty.
Each case of hepatitis A during the study period was assigned to an occupational category according to the classification of occupational categories adopted by the Labor Force Survey (7). Classification of economic strata was based on the international classification of the United Nations (International Standard Industrial Classification), and the classification of occupations was based on the international classifications of the International Labor Office International Standard Classification of Occupations, with both systems adapted to the Israeli economy. The occupations of the employed persons interviewed during the labor force survey and those of hepatitis A cases were determined by the nature of the workplace, whose economic stratum was defined by its main product or service. Occupation was determined by the nature of the work, irrespective of related or unrelated training. This procedure yielded 24 occupational categories.
The number of workers in each occupational category was calculated according to the Labor Force Survey conducted by the Israeli Bureau of Statistics in Israel during 1993 (7) . Four quarterly labor force surveys are conducted each year, with the interviewing for each survey spread over the entire quarter. Approximately 22,000 households are interviewed during the year. The survey population is composed of the permanent national population aged 15 years and above.
Statistical methodology
Each occupational category was separated into 24 strata according to the following scheme: 16 strata for the Jewish population composed of four age groups (18-29, 30-39, 40-49, and 50 years and above) x two gender groups (male and female) x two groups according to the time of immigration to Israel (less than a decade in Israel and longtime resident), and eight strata for the non-Jewish population composed of four age groups x two sex groups. The occupation-specific incidence rate of hepatitis A was calculated for each occupational category to obtain a crude estimate of hepatitis A risk.
The indirect standardization method (8) , rather than the direct standardization method, was selected to standardize the occupation-specific incidence rates since, in several strata, only few cases of hepatitis A occurred. The standardized incidence ratio (SIR) was determined by comparison of observed with expected number of cases in each occupational category using the following equation (9):
where Y u is the number of hepatitis A cases in age-gender-ethnicity-time of immigration stratum i of the analyzed occupation, n u is the population in agegender-ethnicity-time of immigration stratum / of the analyzed occupation, 70, is the number of hepatitis A cases in age-gender-ethnicity-time of immigration stratum i of the standard population, and n^ is the number of workers in the age-gender-ethnicity-time of immigration stratum i of the standard population.
The specific rates from a standard population were obtained by two methods, hi the first one, all hepatitis A cases that occurred during the study period among the study population that did not belong to the analyzed occupation were considered as the standard pop-ulation. To avoid a statistical dependence between the standard population and the analyzed occupation, we adopted a second method in which we selected for the standard population occupational groups that a priori had a low occupational risk of hepatitis A infection, namely, managerial, clerical, commercial, restaurant, and hotel workers. In both methods, the observed number of cases was compared with the expected number to obtain the occupation-specific SIR.
The 99 percent confidence intervals for the SIR estimates were calculated by first performing a logarithmic transportation using the following formula (9):
where wi is the relative standard weight of category /, WjR u is the number of cases in category i of the analyzed occupation, and w^, is the number of expected cases in category i of the analyzed population, supplied by the incidence rates of the standard population. The second step used the calculated variance, i.e., the standard deviation, to find the confidence interval (CI) by the following formula (9):
RESULTS
Data on the occurrence of clinical cases of hepatitis A during the study period were retrieved from all 15 local health district offices of the Israeli Ministry of Health. We verified that two of 17 laboratories and two of 20 public hospitals that did not cooperate in this study did report their hepatitis A cases to the local Ministry of Health offices so that these data were available for our assessment.
Hepatitis A cases
A total of 10,182 cases of hepatitis A were identified during the study period, of whom 2,587 cases were over age 18 years or were of an unknown age and were included in the study. There were no large-scale hepatitis A outbreaks during the study period.
A total of 295 cases were excluded because they had been reported more than once, leaving 2,292 cases for which demographic data were collected. Only 523 (23 percent) of the cases were reported individually to the Health Ministry, while 1,769 (77 percent) were reported by laboratories and hospitals. Serologic confirmation was available for 85 percent of the eligible study population. The mean age of the study population with known age (n = 1,910) was 30.58 years (standard deviation = 7.51), and 53 percent of them were female (figure 1). The annual incidence rate dropped sharply from 92.73 per 100,000 in the category Jewish females aged 18-29 years to 1.47 per 100,000 for non-Jewish females aged 30-39 years (table 1) .
Data were incomplete for 640 cases and, therefore, only 1,652 cases were included and interviewed by telephone. Demographic characteristics for both groups were similar in terms of gender and age. The exclusion criteria disqualified 522 individuals, with the most common reason for exclusion (n = 229) being close contact with a family member who suffered from hepatitis A 1-3 weeks prior to disease onset. Other exclusions were: 104 cases who were not part of the defined labor force, 67 who denied having hepatitis, 43 who reported having non-A hepatitis, 38 who were Israeli tourists returning from endemic countries, 25 who refused to comply, and 16 who passed away before being interviewed. The final analysis was performed on 1,130 subjects.
Hepatitis A Incidence by occupation
The highest crude annual incidence rate of hepatitis A was among yeshiva students who were occupied in religious studies on a full-time basis and who comprised the largest group (16.55 percent). Other occupa-tional groups with relatively high annual incidence rates were workers in the food industry, day-care center and kindergarten staff members, therapists and medical technicians, teachers, and physicians and dentists (table 2) . In only 32.43 percent of the cases among day-care center and kindergarten staff was there at least one documented case of contact with a child with hepatitis A before the disease was diagnosed in the staff member.
SIR
To calculate the SIR for each occupational group and control for age, gender, ethnicity, and time of immigration, we used two different standard populations. The incidence rate in a specific occupational category was compared with the rate among all members of the working population not included in a specific occupation. SIR was calculated by using the indirect standardization for each occupational group.
The highest SIR was found for yeshiva students, for whom the observed number was 10 times that expected. Other occupations at relatively high risk were day-care center and kindergarten staff members, food industry workers, teachers, physicians and dentists, therapists and medical technicians, and academic occupations (table 3) .
An additional calculation of the SIR for each occupational group was performed using another standard population, which included only managerial, clerical, commercial, restaurant, and hotel workers (table 4) . There were only minor differences in the SIR in the various occupational groups compared with the first standard population.
DISCUSSION
Improvements in hygienic and socioeconomic standards are reflected by changes in epidemiologic patterns of hepatitis A, particularly in developed countries. As infections in children decrease, larger populations of adults become susceptible, with exposure to the virus occurring during the working years. Because patterns of disease reflect standards of hygiene and sanitation, considerable variations exist in different populations, even within the same country (5). 15.32 * The occupation was defined according to the nature of establishment in which the subject worked or the type of work performed by the subject at the workplace.
t The number of workers in each occupational category was calculated according to reference 7. The results of this study show that the following occupational groups in the adult Israeli population are at increased risk of hepatitis A (lower limit of the 99 percent confidence interval above 1.0) after controlling for age, gender, ethnicity, and time of immigration to Israel: yeshiva students, day-care center and kindergarten staff members, food industry workers, physicians and dentists, teachers, therapists and medical technicians, as well as academic occupations. On the other hand, cleaning and sewage workers, skilled workers in industry, policemen, and other security workers bear a low risk to hepatitis A (SIR below 1). Qualified and practical nurses had an SIR above 1, but with a 99 percent confidence interval of less than 1.
There are several advantages to the methods applied in this study. This was an historical prospective study rather than the more commonly used retrospective design. The incidence rates were comprehensively based on three data sources for identifying all reported cases-not a sample-of hepatitis A during the study period. The data on the population at risk in the different occupations and economic strata were based on ongoing labor force surveys that are conducted yearly by the Israeli Bureau of Statistics. The results for SIR were similar, irrespective of which standard population was used for comparison, giving confidence that the findings were not biased by an inappropriate control series. Misclassification of occupation at the time that clinical symptoms appeared was unlikely because of the short incubation period of infectious hepatitis. Finally, the number of infectious hepatitis cases in this study and the large number of individuals at risk of exposure result in high power for risk detection.
Several types of biases may have affected the results of our study. Interviewing is associated with problems of compliance and validity of answers, even though we tried to get most of the information on disease correlates from national computerized systems, health district offices, and hospitals. Fortunately, few cases (1.5 percent) refused outright to be interviewed. We could not verify that all cases diagnosed by the physicians as hepatitis A and reported as such to the Ministry of Health were confirmed by serology. However, even clinical diagnosis is usually based on epidemiologic data, and it has been shown that more than 80 percent of all hepatitis cases in Israel are due to hepatitis A virus (2) .
Nurses and day-care centers staff members who may be more aware of the occupational risk of infections * The standard population included commercial, managerial, clerical, restaurant, and hotel workers (7). t SIR, standardized incidence ratio; Cl, confidence interval.
and therefore be more inclined to seek medical advice may have been overrepresented. However, nurses were not found to be at significantly increased risk in this study. The possibility that greater access to health care by higher socioeconomic classes may lead to their overrepresentation in the study population is unlikely because health care is unlimited under all Israeli health insurance funds.
The problem of occupational hepatitis A in day-care center workers came to light with the identification of clusters of cases in adult patients who could be linked to the children enrolled in the same center (10) . The children commonly have only mild or even asymptomatic infections, while most of the group with clinical hepatitis were adults (namely, parents and staff) (10) (11) (12) . This might explain the significantly higherthan-expected number of day-care and kindergarten workers reported as having hepatitis A in the current research (tables 3 and 4), as well as 229 of 1,652 cases (13.86 percent), in whom likely exposure was household contacts. These results match the findings of Ebisawa et al. (12) that attack rates for clinical illness during outbreaks were highest in day-care center employees (5-10 percent affected). Jacques et al. (13) found major differences between exposed day nursery workers compared with blood donors, especially in terms of age. We, too, found a higher age-related risk of clinical hepatitis A for individuals aged 18-29 years and that there was some interaction of this parameter with time spent in Israel and ethnicity. This might be explained by a natural immunity developing through the years by exposure to the hepatitis A virus, with this process being accelerated among day-care staff because of frequent accidental fecal contact, which can often result in transmission of the virus. Therefore, younger workers, especially those coming from nonendemic environments, are at greater risk of hepatitis A in such surroundings. As indicated by the results of this study, immunization programs among day-care centers and kindergarten staff members, even during the periods between hepatitis A outbreaks, might be justified insofar as most cases occurred at those times.
Food industry workers comprised only a small group in this study, but nine cases of hepatitis A were detected among them. The increased risk noted for this occupation might be related to their working conditions (14) . In spite of the small numbers, preventive measures including vaccination are important, as suggested elsewhere (15) , because of the significant potential transmission of the disease by this group. Preventive programs should also be applied to teachers who are at high risk for hepatitis A, in particular those who are in close contact with young children (i.e., living in dormitories).
The high risk among yeshiva students is not unexpected. Hassidic Jewish communities are characterized by large families living in relatively crowded neighborhoods. The first controlled trial of the formalininactivated hepatitis A vaccine took place in a similar community in New York State, chosen because of the high rate of hepatitis A among its population (16) . Yeshivas are characterized by crowding, large communal dining rooms and bathrooms, and toilets that are used by many students. Even students who are aware of being infected often do not seek medical care. In addition, most of them are young, and many of them are parents of very young children-known risk factors for hepatitis A.
Most of the available data on the occupational risk of hepatitis A in health systems relate to the nursing staff and less to physicians, and only a few reports in which physicians are involved appear in the literature (17, 18) . We found 17 physicians and dentists (out of approximately 20,000) with hepatitis A during this study, for an SIR of 3.77 (99 percent confidence interval 1.78, 8.14). This is not surprising considering their potential exposure to disease, mainly among pediatricians.
Several large nosocomial outbreaks of hepatitis A were reported that involved exposure either to an asymptomatic infant or to a young child and sometimes after the transfusion of blood from an asymptomatic donor (19) (20) (21) . Other common sources are patients with fecal incontinence (17) or diarrhea (18) who are in the prodromal phase of hepatitis A. Inadequate hand washing and subsequent oral contamination were the main routes in many of the outbreaks (22) ; thus, the nursing staff members are regarded as being at a greater risk for occupation-related hepatitis A (23, 24) . We found that the group at highest risk are young Jewish females (aged 18-30 years). This might be explained by our preliminary results in a seroepidemiologic study performed in a pediatric hospital in Israel that showed that only 29 percent of nurses aged 21-30 years are naturally immune compared with 78 percent in older groups. The opposite applies to older age groups (ages 40-50 years). The crude hepatitis A morbidity among nurses suggests that no immediate action needs to be taken in Israel (which has an average of seven cases annually among over 30,000 nurses).
In contrast to our results, sewage workers were traditionally assumed to be at increased risk of acquiring infections than the general population (25, 26) . Hepatitis A virus is excreted in stools and is likely to be encountered in water contaminated with feces. We speculate that our results, which are similar to those reported by DeSerres et al. (27) , stem from the fact that most sewage workers in Israel belong to a lower socioeconomic class, in which there is typically a high prevalence of hepatitis A at young ages. Our seroepidemiologic study of sewage workers in Israel, now in progress, found a seropositive rate of 81 percent (Lerman et al., unpublished data).
We conclude that there are sufficient data for implementing prevention programs for kindergarten and day-care staff, food industry workers, yeshiva students, teachers, physicians, and paramedical personnel in Israel. Such programs might meaningfully reduce adult infection with hepatitis A, to an even greater degree than that suggested in the review by Lemon and Thomas (15) . The program should include improving sanitation, providing health education, and considering active vaccination of high-risk workers, after a costbenefit analysis is performed.
Patterns of hepatitis A vary in different countries. Our data can be generalized to other countries that have a socioeconomic background similar to that of Israel. The present methodology for the definition of risk occupations for hepatitis A infection can be emulated in countries with different backgrounds. In large countries, such studies can be based on samples of hepatitis A, while in small countries, they can be based on the entire affected population, as was done in this study.
